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Background: Inflammation and nutrition are important causes contributing to the progres-
sion and poor survival of gastric cancer (GC). The objective of this study is to investigate the
prognostic significance of the preoperative fibrinogen-to-pre-albumin ratio (FPR) and the
prognostic nutritional index (PNI) in GC patients who have undergone gastrectomy.
Methods: A total of 274 patients with resected pathological GC from January 2007 to
December 2013 were enrolled in this retrospective study. Survival analysis was performed
using Kaplan—Meier and log rank tests. Univariate and multivariate analyses were estab-
lished to identify independent prognostic factors of S-year survival. A predictive nomogram
was used to predict prognosis of overall survival (OS), and its accuracy was determined by
Harrell’s concordance index (C index).

Results: A high preoperative FPR-PNI score was significantly correlated with age, bigger
tumor size, more lymphatic metastases and advanced TNM stage. Univariate analysis
revealed that the GC patients with high FPR, low PNI and high FPR-PNI scores had shorter
survival time. Multivariate analysis showed that FPR-PNI was an independent prognostic
factor for OS in GC patients, especially in elderly patients. In the sub-analysis by age, the
FPR-PNI score could significantly increase the accuracy of prognosis compared with the
FPR and PNI alone in elderly GC patients.

Conclusion: The preoperative FPR-PNI score is an effective independent prognostic index
for GC patients after surgery, especially in elderly patients.

Keywords: gastric cancer, prognostic nutritional index, fibrinogen-to-pre-albumin ratio,
FPR-PNI, prognosis

Introduction

Gastric cancer (GC) is a malignant tumor with a high incidence, ranking fifth
among all cancers and ranking third in the global cancer-related mortality rate.'
The peak incidence of GC patients is occurring in their sixties. As patients with
early-stage gastric cancer often have no symptoms, the majority of patients are
already diagnosed at an advanced stage. Although GC patients normally undergo
radical resection and postoperative adjuvant chemotherapy, most patients will suffer
recurrence and metastasis after resection, which leads to the poor level of the 5-year
survival rate.” Because of the physical conditions and different disease status, GC
patients should receive individualized therapeutic regimens, which require the
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identification of different risk groups and more potential
prognostic biomarkers. Elderly GC patients, who are often
malnourished and have various comorbid conditions, with
declining organ function and hypoimmunity state, usually
have poor short-term outcomes.”> Therefore, it is impor-
tant to develop prognosis evaluation biomarkers and cor-
responding therapeutic strategies for elderly GC patients.

Various clinicopathological prognostic factors, such
as differentiation, vascular and neural invasion, depth
of invasion, TNM stage, lymph node metastasis and
distant metastasis, have been identified to significantly
affect the outcome and survival of GC patients.
However, the prognosis prediction of GC still remains
unsatisfactory. In recent years, there have been many
prognostic scoring systems based on blood tests that
can predict the prognosis of GC to some extent, mainly
including hypercoagulability, nutritional status and
inflammation.®® Some inflammation-based prognostic
variables such as the platelet-lymphocyte ratio (PLR),
lymphocyte—monocyte ratio (LMR) and neutrophil-
lymphocyte ratio (NLR) have also been established as
predictors of long-term survival in GC patients.'®™'? In
addition to inflammation, nutritional status and abnor-
mal coagulation are also related to malignant tumor
occurrence and development. Fibrinogen, which is a
key regulator of the hemostatic system, plays important
roles in blood coagulation, cell-cell adhesion and the
systemic inflammatory response.'’> Many studies have
shown that elevated plasma fibrinogen levels could
promote tumor progression, invasion and distant metas-
tasis and are associated with poor prognosis in GC
patients.'*'> Albumin and pre-albumin, which are sup-
pressed to synthesize by malnutrition and inflamma-
tion, are commonly used to assess the nutritional and
inflammatory status. Besides, previous studies showed
albumin and pre-albumin were potential prognostic
factors for GC patients.'®'’

The prognostic nutritional index (PNI), which is calcu-
lated by serum lymphocyte counts and albumin levels, has
been introduced as an easily measurable index of nutrition
status. It was reported that a low preoperative PNI score
was a strong predictor for unfavorable prognosis in GC
patients.'®** Recent research suggested that the preopera-
tive fibrinogen/pre-albumin ratio (FPR) might be a novel
prognostic indicator in stage II-III GC patients, and could
precisely distinguish the stage III patients who are able to
benefit from adjuvant chemotherapy.>® Therefore, we pro-

posed using a novel marker, the FPR-PNI score,

representing a combination of inflammation, coagulation
function and nutritional status, to investigate its prognostic

impact in patients with resectable gastric cancer.**

Methods

Patients

Patients with histologically diagnosed GC who underwent
gastrectomy in the Nantong Tumor Hospital between
January 2007 and December 2013 were enrolled for this
study. The diagnosis of GC was confirmed dependent on
histological evidence and classified based on the eighth
edition of the TNM-UICC/AJCC classification. The inclu-
sion criteria were as follows: 1) all patients with GC who
underwent a total or subtotal gastrectomy with standard
lymphadenectomy; 2) no prior preoperation anticancer
treatment, such as chemotherapy or radiotherapy; 3 no
acute inflammatory disease, liver cirrhosis, chronic renal
failure, autoimmune disease or hematopoietic system dis-
ease; 4) with available preoperative serum data of fibrino-
gen, albumin, pre-albumin and peripheral lymphocyte
count; and 5) with adequate clinicopathological data and
overall survival (OS) data. At last, 274 patients were
enrolled in the present study. This study was approved
by the Ethics Committee of Tumor Hospital Affiliated to
Nantong University. All data were obtained in accordance
with the Helsinki
Informed consent was not required as the study was

Declaration and its amendments.
based on retrospective anonymous patient data and did
not involve patient intervention or the use of human tissue
samples.

Data Collection
Clinicopathological information of the patients was
obtained from the medical records, including sex, age,
tumor location, tumor size, Bormann types, differentiation,
operation type, ulcer, vascular invasion, nerve invasion,
depth of invasion, adjuvant chemotherapy, lymph node
metastasis and TNM stage. OS was defined as the period
from the surgery date to the date of death or the last
follow-up. Pretreatment fasting peripheral blood samples
were collected within the last one week before operation.
The obtained blood samples were processed within 48 h to
detect biomarkers including blood cells, fibrinogen (Fib),
albumin (Alb), pre-albumin (pAlb) and total lymphocyte
count (Tlc) levels. The FPR and PNI were calculated using
the following equations: FPR=Fib/pAlb and PNI=Alb (g/
L)+5xTlc (10°/L). The cutoff values of the FPR and PNI
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Table | Relationship Between Clinicopathological Features and FPR, PNI and FPR-PNI
Variables N FPR PNI FPR-PNI
274 <0.1036 >0.1036 p-value <48.525 >48.525 p-value 0 1 2 p-value
Age (years)
<60 108 46 62 0.073 33 75 0.033 38 | 45 25 0.039
260 166 53 113 72 94 43 6l 62
Gender
Female 92 28 64 0.163 35 57 0.946 23 39 30 0.473
Male 182 71 11 70 112 58 67 57
Location
Upper 80 28 52 0.087 31 49 0.064 20 37 23 0.025
Middle 70 33 37 18 52 28 29 13
Lower 16 37 79 52 64 32 37 | 47
Total 8 | 7 4 4 [ 3 4
Tumor size (cm)
<5 157 69 88 0.002 46 11 <0.001 58 64 35 <0.001
=5 17 30 87 59 58 23 42 52
Bormann types
-l 84 41 43 0.004 29 55 0.373 31 34 19 0.063
-v 189 58 131 76 113 50 71 68
Differentiation
Well 10 6 4 0.036 0 10 0.082 6 4 0 0.056
Moderate Il 47 64 46 65 37 38 36
Poorly 150 44 106 58 92 36 64 50
Operative type
Proximal 75 29 46 0.247 25 50 0.178 23 33 19 0.205
Distal 147 57 90 54 93 49 52 | 46
Total 39 I 28 18 21 8 16 15
Palliative 13 2 I 8 5 [ 5 7
Ulcer
No 31 I5 16 0.247 16 15 0.204 10 10 I 0.706
Yes 242 84 158 89 153 71 95 76
Vascular invasion
No 185 74 11 0.055 65 120 0.118 63 68 54 0.060
Yes 89 25 64 40 49 18 38 33
Nerve invasion
No 184 69 115 0.500 76 108 0.146 56 65 63 0.238
Yes 90 30 60 29 6l 25 41 24
Depth of invasion
TI2 72 31 41 0.154 22 50 0.114 28 25 19 0.125
T34 202 68 134 83 119 53 8l 68
LN metastasis
NO 87 47 40 <0.001 24 63 0.013 38 34 15 <0.001
NI/N2/N3 187 52 135 8l 106 43 72 72
(Continued)
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Table | (Continued).

Variables N FPR PNI FPR-PNI
274 <0.1036 >0.1036 p-value <48.525 >48.525 p-value 0 1 2 p-value
TNM stage
-l 125 62 63 <0.001 38 87 0.014 52 | 45 28 <0.001
-v 149 37 112 67 82 29 6l 59
Adjuvant chemotherapy
No 108 40 68 0.801 44 64 0.506 33 38 37 | 0613
Yes 166 59 107 6l 105 48 68 50

Note: p<0.05 was statistically significant and signed in bold.

Abbreviations: FPR, fibrinogen/pre-albumin ratio (FPR); PNI, prognostic nutritional index (PNI); FPR-PNI, combined FPR and PNI; LN, lymph node; TNM, tumor node

metastasis.

were set according to the receiver operating characteristic
(ROC) curves, which were based on the overall survival.
The FPR-PNI was calculated as follows: the patients with
both an elevated FPR and a decreased PNI were assigned a
score of 2; the patients with both elevated or decreased
values of FPR and PNI were assigned a score of 1; and the
patients with both an elevated PNI and a decreased FPR
were assigned a score of 0. Subgroup analysis was con-
ducted according to the age group (age <60 years and >60
years).

Statistical Analyses

Statistical analyses were performed with SPSS software
(version 18.0; SPSS Inc., Chicago, IL, USA) and R
3.6.3 software (Institute for Statistics and Mathematics,
Vienna, Austria). ROC curve analysis was used to eval-
uate the predictive values of FPR, PNI and FPR-PNI for
OS, with respect to the sensitivity, cutoff value and
specificity. Comparisons of the clinicopathological and
laboratory parameters between groups were analyzed by
the chi-square test, Mann—Whitney U-test and Kruskal—
Wallis H non-parametric test. The OS rate was calcu-
lated using the Kaplan—-Meier (K-M) method, and the
differences in survival between subgroups were per-
formed by the log rank test. The predictive factors for
OS were evaluated by univariate and multivariate ana-
lyses via using the Cox proportional hazard model, and
only those factors with a p value <0.1 in the univariate
mode were further analyzed in the multivariate mode.
Harrell’s concordance index (C index) and the prognos-
tic nomogram were analyzed by the rms and survival
ROC packages, respectively. A two-sided P<0.05 was
considered to be statistically different.

Results

Baseline Characteristics of Patients

The clinicopathological characteristics of the 274 GC
patients who underwent gastrectomy are summarized in
Table 1. The enrolled cohort comprised 182 (66.4%)
men and 92 (33.6%) women with a median age of
62.2 years (range, 27-83 years). The results of post-
operative histology revealed that the majority of the
patients were invasive depth (T3/T4) and lymph node
metastases (73.7% and 68.2%, respectively). Based on
the 8th American Joint Committee on Cancer (AJCC)
TNM staging system, 125 (45.6%) and 149 (54.4%)
patients were diagnosed as stage I-II and III. Almost
half of them had poor differentiation and received adju-
vant chemotherapy (54.7% and 60.6%, respectively).
The median follow-up period was 66 months (range,
1-155 months).

Evaluation of Prognostic Abilities for FPR,

PNI and FPR-PNI
The prognostic abilities of FPR, PNI and FPR-PNI were
calculated by ROC curve generation and AUC estima-
tion. We computed the AUC values for the FPR
(AUC=0.664; 95% CI=0.599-0.729; P<0.001) and PNI
(AUC=0.613;  95%  CI=0.546-0.680;  P=0.001)
(Figure 1A and C). In addition, based on the calculated
optimal cutoff values (0.1036 for FPR, 48.525 for PNI),
we performed corresponding
(Figure 1B and D, all P<0.01).
Based on the aforementioned results, patients with
FPR<0.1036 and PNI>48.525 were assigned a FPR-PNI
score of 0, patients with FPR>0.1036 or PNI<48.525
were assigned a FPR-PNI score of 1, and patients with

survival  analyses
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Figure | Receiver operating characteristic curve (ROC) analyses of optimal cutoffs and survival analysis for GC patients. (A and B) FPR, (C and D) PN, (E and F) FPR-PNI.

FPR>0.1036 and PNI<48.525 were assigned a FAR-SIRI
score of 2. Based on the FPR-PNI system, 81 (29.6%),
106 (38.7%) and 87 (31.7%) of the patients had scores
of 0, 1 and 2, respectively. As shown in Figure 1E, the
AUC for FPR-PNI was 0.672 (95% CI=0.609-0.736),
and GC patients with higher FPR-PNI values had worse
prognosis (Figure 1F, P<0.001).

Correlation of FPR, PNI and FPR-PNI

with the Clinicopathological Parameters

Of the 274 enrolled patients, 99 patients with FPR<0.1036 and
105 patients with PNI<48.525 were classified into the low FPR
group and the low PNI group, whereas 175 with FPR>0.1036
and 169 with PNI>48.525 were classified into the high FPR
and the high PNI groups. As shown in Table 1, patients in the
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Table 2 Univariate and Multivariate Analysis of Factors for OS

Variables Univariate Analysis Multivariate Analysis
p-value HR (95% CI) HR (95% CI) p-value
Age (years)
<60 Ref 0.031
260 1.481 (1.036-2.118)
Gender
Female Ref 0.828
Male 0.962 (0.675-1.369)
Location
Upper Ref 0.001 Ref 0.033
Middle 0.925 (0.562—1.524) 0.760 1.485 (0.755-2.920) 0.252
Lower 1.588 (1.046-2.410) 0.030 2.459 (1.199-5.045) 0.014
Total 3.733 (1.648-8.455) 0.002 2.551 (0.935-6.961) 0.067
Tumor size (cm)
<5 Ref <0.001
25 1.910 (1.363-2.676)
Bormann types
-l Ref 0.018
-v 1.600 (1.084-2.361)
Differentiation
Poorly Ref 0.381
Moderate 0.812 (0.571-1.153) 0.244
Well 0.516 (0.163—1.633) 0.260
Operative type
Proximal Ref <0.001 Ref 0.001
Distal 1.198 (0.780-1.839) 0410 0.610 (0.298-1.249) 0.176
Total 2.376 (1.402—4.026) 0.001 1.425 (0.735-2.763) 0.294
Palliative 5.141 (2.558-10.330) <0.001 2.234 (0.912-5.474) 0.079
Ulcer
No Ref 0.199
Yes 1.467 (0.817-2.633)
Vascular invasion
No Ref 0.001
Yes 1.832 (1.301-2.579)
Nerve invasion
No Ref 0.094
Yes 1.349 (0.950-1.915)
Depth of invasion
TI2 Ref 0.008 Ref 0.035
T34 1.768 (1.160-2.695) 1.931 (1.049-3.546)
LN metastasis
NO Ref <0.001
NI1/N2/N3 3.524 (2.229-5.571)
(Continued)
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Table 2 (Continued).
Variables Univariate Analysis Multivariate Analysis
p-value HR (95% CI) HR (95% CI) p-value
TNM stage
-l Ref <0.001 Ref <0.001
-v 3.786 (2.571-5.576) 4.107 (2.353-7.168)
Adjuvant chemotherapy
No Ref 0.058 Ref 0.029
Yes 0.721 (0.514-1.012) 0.665 (0.461-0.960)
FPR
<0.1036 Ref <0.001
20.1036 2.358 (1.586-3.507)
PNI
<48.525 Ref <0.001
248.525 0.487 (0.348-0.682)
FPR-PNI
0 Ref <0.001 Ref 0.002
| 1.969 (1.212-3.199) 0.006 1.461 (0.870-2.453) 0.152
2 3.375 (2.102-5.419) <0.001 2.386 (1.441-3.950) 0.001

Note: p<0.05 was statistically significant and signed in bold.

Abbreviations: FPR, fibrinogen/pre-albumin ratio (FPR); PNI, prognostic nutritional index (PNI); FPR-PNI, combined FPR and PNI; LN, lymph node; TNM, tumor node

metastasis; HR, hazard ratio; Cl, confidence interval.

high FPR group presented as bigger tumor size (p=0.002),
Bormann type M-IV (p=0.004), poor differentiation
(»p=0.036), more lymphatic metastasis (p<0.001) and advanced
TNM stage (p<0.001). Patients in the low PNI group presented
as aged (p=0.033), bigger tumor size (p=0.002), more lympha-
tic metastasis (p<0.001) and advanced TNM stage (p< 0.001).
In addition, the analysis demonstrated that the preoperative
FPR-PNI score was significantly correlated with age, tumor
location, tumor size, lymph node status and TNM stage
(Table 1).

Prognostic Significance of FPR, PNI and
FPR-PNI in GC Patients

The Kaplan—Meier survival curve and log rank test were
performed to investigate the association between FPR, PNI,
FPR-PNI and postoperative survival time. As shown in
Figure 1, both the high FPR group and the low PNI group
were associated with poor prognosis of GC patients (p<0.001).
Moreover, compared with a low score of FPR-PNI, the GC
patients with a higher score of FPR-PNI had shorter survival
time.

According to the univariate analysis, age (p=0.031),
location (p=0.001), (p<0.001),
Bormann types (p=0.018), operative type (p<0.001),

tumor tumor size

vascular invasion (p=0.001), depth of invasion
(p=0.008), lymph node metastasis (p<0.001), TNM
stage (p<0.001), PNI (p<0.001), FPR (p<0.001) and
FPR-PNI (p<0.001) were identified as poor prognostic
factors associated with OS. After multivariate analysis
with these selected parameters using the Cox regression
model, tumor location (p=0.033), operative type
(»=0.001), depth of invasion (p=0.035), TNM stage
(p<0.001), adjuvant chemotherapy (p=0.029) and FPR-
PNI (p=0.002) were independent prognostic factors for
OS in patients with GC (Table 2).

Subgroup Analysis of FPR-PNI Scores by
Age

Compared with the young GC patients, aged patients
may have different nutritional and immune states.
Therefore, we performed subgroup analysis to assess
whether the prognostic accuracy of the scores varied by
age <60 and >60 years. In the age <60 group, the AUC
value was 0.600 (95% CI=0.489-0.711; P=0.077) for
the FPR, 0.502 (95% CI=0.389-0.615; P=0.97) for the
PNI and 0.622 (95% CI=0.513-0.731; P=0.031) for the
FPR-PNI (Figures 2A and E, 3A). In addition, based on
the calculated optimal cutoff values (0.1304 for FPR,
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Figure 2 Subgroup of receiver operating characteristic curve (ROC) analyses of optimal cutoffs and survival analysis by age for GC patients. (A and B) FPR with age <60, (C
and D) FPR with age 260, (E and F) PNI with age <60, (G and H) PNI with age 260.

43.8 for PNI), survival analyses were performed. As PNI groups than those in the high FPR and high FPR-
shown in Figures 2B and B, the prognosis of age <60 PNI groups (P=0.003 and P=0.014, respectively).
GC patients was better in the low FPR and low FPR- However, no significant differences in survival time
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<60, (C and D) FPR-PNI with age 260.

were found between high and low PNI groups
(P=0.119) (Figure 2F). According to the multivariate
analysis, only vascular invasion and TNM stage were
independent prognostic factors for OS in age <60 GC
patients (P=0.003 and P=0.002, respectively) (Table 3).

In the age >60 group, the AUC value was 0.694 (95%
CI=0.613-0.775; P<0.001) for the FPR, 0.67 (95%
CI=0.587-0.752; P<0.001) for the PNI and 0.735 (95%
CI=0.658-0.731; P=0.811) for the FPR-PNI (Figures 2C
and G, 3C). The optimal cutoff values were 0.1202 for the
FPR and 48.65 for the PNI. The Kaplan—Meier survival
curve and log rank test showed that the FPR, PNI and
FPR-PNI were significantly associated with the prognosis
of age >60 GC patients (all P<0.001) (Figures 2D and H,
3D). According to the multivariate analysis, operative type
(P<0.001), depth of invasion (P=0.020), TNM stage
(P<0.001) and FPR-PNI (P<0.001) were independent
prognostic factors for OS in age >60 GC patients
(Table 3).

Prognostic Nomograms for OS of GC
Significant independent indicators based on the multivari-
ate analysis, such as tumor location, operative type, depth
of invasion, TNM stage, adjuvant chemotherapy and FPR-
PNI, were eventually integrated into the nomogram to
predict the 3- and 5-year survival of the GC patients
after surgical resection. The C index of the nomogram
was 0.736 (Figure 4A). In the age >60 group, operative
type, depth of invasion, TNM stage and FPR-PNI were
embedded in the nomogram, the C index of which was
0.742 (Figure 4B).

Discussion

To the best of our knowledge, this study firstly investi-
gated the prognostic significance of the preoperative FPR-
PNI score in gastric cancer patients. The results showed
that a high preoperative FPR-PNI score was significantly
correlated with a relatively higher risk of tumor
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Table 3 Subgroup of Univariate and Multivariate Analysis of Factors for OS by Age

Variables Age <60 Age >60
Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis
HR (95% CI) p-value | HR (95% CI) p-value | HR (95% CI) p-value | HR (95% CI) | p-value
Gender
Female Ref 0.149 Ref 0.451
Male 0.648 (0.360-1.168) 1.18
9 (0.758-1.865)
Location
Upper Ref 0.096 Ref 0.012
Middle 1.047 (0.418-2.625) 0.922 0.982 (0.526— 0.954
1.831)
Lower 1.511 (0.645-3.539) 0.342 1.799 (1.109— 0.017
2.920)
Total 4.696 (1.208-18.258) | 0.026 3.403 (1.185- 0.023
9.770)
Tumor size (cm)
<5 Ref 0.010 Ref 0.004
25 2.172 (1.201-3.928) 1.823 (1.208-
2.751)
Bormann types
-l Ref 0.386 Ref 0.033
v 1.324 (0.702-2.498) 1.720 (1.046—
2.827)
Differentiation
Poorly Ref 0.905 Ref 0.493
Moderate 0.869 (0.467—1.614) 0.656 0.747 (0.486— 0.181
1.146)
WVell NA NA 1.141 (0.356— 0.825
3.659)
Operative type
Proximal Ref 0.034 Ref <0.001 | Ref <0.001
Distal 1.386 (0.570-3.369) 0.471 1.272 (0.772— 0.345 1.251 (0.747—- | 0.395
2.097) 2.095)
Total 3.278 (1.208-8.895) 0.020 2.212 (1.157- 0.016 1.717 (0.885— | 0.110
4.231) 3.331)
Palliative 3.816 (0.767-18.978) | 0.102 5.576 (2.551- <0.001 | 5.571 (2.459- | <0.001
12.192) 12.620)
Ulcer
No Ref 0.090 Ref 0.856
Yes 2.472 (0.868-7.039) 1.066 (0.535—
2.121)
Vascular
invasion
No Ref <0.001 | Ref 0.003 Ref 0.231
Yes 3.377 (1.877-6.077) 2.550 (1.371-4.740) 1.299 (0.847-
1.992)
(Continued)
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Table 3 (Continued).

Variables Age <60 Age =60
Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis
HR (95% CI) p-value | HR (95% CI) p-value | HR (95% CI) p-value | HR (95% CI) | p-value
Nerve invasion
No Ref 0.011 Ref 0.958
Yes 2.178 (1.197-3.966) 1.012 (0.656—
1.561)
Depth of
invasion
TI2 Ref 0.060 Ref 0.099 Ref 0.020
T34 1.965 (0.973-3.971) 1.559 (0.920- 2.392 (1.145-
2.642) 5.000)
LN metastasis
NO Ref 0.004 Ref <0.001
NI/N2/N3 3.321 (1.481-7.445) 3.716 (2.130-
6.485)
TNM stage
-l Ref <0.001 | Ref 0.002 Ref <0.001 | Ref <0.001
-v 3.703 (1.939-7.071) 3.076 (1.537-6.156) 3.703 (2.281- 4811 (2.477-
6.010) 9.346)
Adjuvant
chemotherapy
No Ref 0.356 Ref 0.355
Yes 0.725 (0.366—1.435) 0.823 (0.545-
1.243)
FPR
<0.1304 Ref 0.004 Ref <0.001
20.1304 2.391 (1.331-4.297) 2.950 (1.858-
4.686)
PNI
<43.8 Ref 0.126 Ref <0.001
243.8 0.550 (0.256—1.183) 0.419 (0.276—
0.636)
FPR-PNI
0 Ref 0.019 Ref <0.001 | Ref <0.001
| 1.837 (0.945-3.572) | 0.073 2.796 (1.528- 0.001 2.830 (1.520- | 0.001
5.117) 5.269)
2 2.935 (1.310-6.577) | 0.009 4.384 (2.466— <0.001 | 3.431 (1.907- | <0.001
7.795) 6.171)

Note: p<0.05 was statistically significant and signed in bold.

Abbreviations: FPR, fibrinogen/pre-albumin ratio (FPR); PNI, prognostic nutritional index (PNI); FPR-PNI, combined FPR and PNI; LN, lymph node; TNM, tumor node

metastasis; HR, hazard ratio; Cl, confidence interval; Ref, reference.

progression and worse prognosis. In addition, subgroup
analysis revealed that the diagnostic efficiency of FPR-
PNI in the age >60 group was more significant than that in
the age <60 group.

Systemic inflammation response (SIR) and nutrition status
have been recognized significantly correlated with tumor pro-
gression and prognosis in various malignancies, including

gastric cancer.>® Fibrinogen, as an important component of
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Figure 4 Prognostic nomograms with FPR-PNI score for predicting 3-year and 5-year OS in GC patients. (A) All GC patients, (B) age 260 GC patients.

the coagulation cascade, plays an important role in SIR and  tumor progression, metastasis and poor overall survival in
tumor progression.””’ ' Relevant studies indicated that ele- GC patients.>** Serum Alb and pAlb are the most widely
vated preoperative plasma fibrinogen was associated with  used markers to reflect nutritional status. Low levels of Alb and
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pAlb levels could result in malnutrition and confusion of
immune responses, which could influence prognosis of
GC.%** Most recently, Zhang et al investigated the prognostic
significance of the preoperative FPR (fibrinogen/pre-albumin
ratio) in GC patients. Their results showed that an elevated
FPR was significantly associated with larger tumor size, deeper
tumor invasion and more lymph node metastasis, which could
be an independent prognostic factor for GC patients.”> What is
more, Wu et al created a cumulative score based on preopera-
tive fibrinogen and pre-albumin (FP score), which could be an
independent predictor for disease-free survival (DFS) and OS
in patients with resectable GC.** Compared with their study,
our results indicated that the GC patients with high FPR value
presented as larger tumor size, Bormann type III-IV, poor
differentiation, more lymphatic metastasis and advanced
TNM stage. In addition, a high FPR value was correlated
with poor survival time, but not an independent prognostic
factor in GC patients. Lymphocytes play an important role in
killing tumor cells by inducing cytotoxic cell death and host
immune responses mediated by cytokine production. Previous
studies showed that preoperative lymphopenia was closely
related to the poor overall survival and disease-free survival
rates of GC.**~*® Thus, the combination of albumin and lym-
phocyte, which is known as the PNI, has been considered a
good prognostic marker for cancer patients.'” Some earlier
studies have shown that the preoperative PNI value, serving
as a useful nutritional determinant, could independently predict
the OS in patients with various types of cancers, including
GC.?*%73% Consistent with their results, we demonstrated in
the present study that the low PNI values were associated with
aged patients, larger tumor size, more lymphatic metastasis,
advanced TNM stage and poor prognosis. We believe that low
PNI values in GC patients may account for fatigue, indigestion,
inadequate caloric intake, fueling physical inactivity and
immune dysfunction, which contribute to earlier tumor recur-
rence and shorter survival time.

As effective prognosis factors, the biomarkers should
reflect inflammation and nutritional conditions at the same
time. Although the FPR and PNI are more accurate than
serum fibrinogen, Alb, pAlb and lymphocyte count alone, the
two biomarkers are still not independent prognostic factors in
GC patients according to our study. Therefore, we proposed the
FPR-PNI score in combination with the FPR and PNI, which
might reduce the influence of confounding factors, to investi-
gate its prognostic impact in GC patients. According to our
definition of the FPR-PNI, the GC patients included in this
study were effectively divided into three different risk groups.
The AUC of FPR-PNI is larger than that of FPR and PNI alone,

suggesting the prediction efficiency of FPR-PNI is better than
the other two. As shown in our study, high FPR-PNI scores
were associated with elderly patients, lower tumor location,
larger tumor size, lymph node metastasis and advanced TNM
stage. Moreover, a high FPR-PNI score predicted poor survival
time and could serve as an independent prognostic factor in GC
patients. Clinicians need to pay more attention to patients with
a high FPR-PNI score and provide appropriate interventions,
such as sufficient nutritional support and more aggressive post-
operative adjuvant treatment.

As we know, elderly GC patients, who are often mal-
nourished and in a low state of immunity, with various
comorbid conditions, have a high incidence of death from
other diseases after surgeries.”>*°*' Previous studies
showed that the OS of elderly patients with a lower PNI
score was shorter than the young.** The PNI could be a
significant independent prognostic factor for predicting OS
in elderly GC patients.*> Considering the difference of
nutritional and immune states in elderly and young
patients, which may affect the predictive accuracy of
FPR-PNI in the prognosis of GC patients, we conducted
the subgroup analysis for age <60 and >60 groups. As
shown in the results, the prediction efficiency of the FPR-
PNI score was significantly higher than the FPR and PNI
alone in the elderly group. However, in the young group,
the FPR-PNI score seems to be no better than the FPR and
PNI alone. On the other hand, the FPR-PNI score was an
independent prognostic factor for OS in age >60 GC
patients, but not in age <60 GC patients. These results
above suggest that the preoperative FPR-PNI score could
be one of the important factors for preoperative evaluation
and prognosis. In addition, perioperative rehabilitation and
nutritional support can effectively improve the long-term
outcomes in elderly GC patients with a high FPR-PNI
score.

There were some limitations that need to be addressed
in our study. Firstly, this was a single-center retrospective
design, which was more susceptible to contribute to some
biases. Secondly, different postoperative treatments in GC
patients may influence the survival results that could make
a difference in the predictive accuracy of the FPR-PNI.
Thirdly, despite OS being widely known as the standard
prognosis index in GC cancer, we failed to comprehen-
sively evaluate the prognosis of GC patients owing to the
lack of sufficient data on disease-free survival. Therefore,
our current findings need to be verified in prospective and
multicenter studies with sufficient clinicopathological and
survival data.
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Conclusions

In conclusion, a high score of FPR-PNI is associated with
advanced stages and poor prognosis, which is an indepen-
dent risk factor for overall survival in elderly GC patients.
The FPR-PNI score is a convenient, inexpensive, reliable
marker which can be used as a screening and prognostic
indicator for elderly GC patients, providing a reference for
adjuvant therapy and long-term management after surgery.
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